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NEGATIVE PRESSURE WOUND THERAPY IS USEFUL IN PEDIATRIC BURN
PATIENTS, A RETROSPECTIVE REVIEW
YANHAN REN
ABSTRACT
Introduction:
Negative pressure wound therapy (NPWT) has proved to be a powerful tool in facilitating
the healing of difficult wounds of a variety of etiologies. The pediatric experience with
NPWT has been limited because of concerns about vascular compression and pain
associated with treatment.
Method:
A retrospective review (2004-2014) was conducted at Shriners Hospital for Children-
Boston to evaluate the therapeutic effect of NPWT on children with difficult wounds due
to burns or soft-tissue trauma. Information was collected on patient demographics, wound
size and depth, burn injury etiology, length of hospital stay, number of operating room
visits, and other treatment procedures. NPWT was instituted in the operating room under
general anesthesia using a commercially available system. NPWT was not initiated until
all necrotic material had been removed from the wounds. A negative pressure varying
between -50 and -125 mmHg was applied to the wound as continuous suction, with
younger children being prescribed the lower negative pressures. NPWT dressings were
vii
changed every 5-7 days in the operating room. When wounds were clean and granulated,
they were closed with split-thickness skin grafts.
Results:
Twenty-nine children with an average age of 9.43 +/- 1.95 years (range 2 months to 18
years) were treated with NPWT. The average total wound size was 24.8 +/- 8.9% (range
0%-95%) of the body surface in patients who had suffered burns and non-burn injuries.
Injury mechanisms were categorized as hot liquid (2 children), contact with hot object (4
children), electricity (7 children), flame (9 children), and other non-burn injuries such as
abrasion and degloving (7 children). Over 90% of the patients required central venous or
bladder catheters. Perceived benefits of the treatment included reduced numbers of
dressing changes and more rapid wound granulation. There were no episodes of bleeding
associated with NPWT. All patients healed their wounds, were successfully grafted, and
survived.
Conclusion:
NPWT has a useful role in the pediatric burn unit in facilitating wound healing and
improving quality of life. A significant correlation between the size of third-degree burn
wounds and the number of negative pressure therapies suggests that NPWT may be more
effective in treating complicated burn wounds. Overall, NPWT appears safe and effective
when applied to well-debrided wounds, and the treatment does not seem to be associated
with excessive bleeding or discomfort in children.
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1INTRODUCTION
Burn Injury and Its Etiologies
Burn injury is a type of external trauma to skin and other tissues in which the layers of
epidermis and dermis are destroyed because of high heat or abrasion.1 Burns have always
been one of the most complicated trauma injuries in the United States as a result of
various complications during post-burn care.2 In addition, the diverse etiologies of burns,
such as conflagration, heat, electricity, chemicals, and other traumatic causes, make
wound care even more complicated (Figure 1).1
Studies have shown that the frequencies of burn injuries were proportional to the
increased levels of industrial and domestic activities since the eighteenth century, when
people started to live and work in close vicinity of open fires and unsafe warehouses.3
Children were also at high risk for burn injuries because they either lacked the methods to
properly protect themselves from burns or were unaware of the presence of danger.3
However, since the implementation of prevention education and the installment of safe
occupational environments in the late twentieth century, the number of burn incidences
has been sufficiently reduced.1 Nevertheless, challenges still remain in treating the higher
levels of burn injuries such as third- and fourth-degree burns, which are hard to maintain
and difficult to heal.
2Levels of Burn Injury
The severity of burn injury is based on the wound depth and the types of tissues affected
(Figure 2). Burn injuries are classified into four different degrees based on the
Emergency Medicine Study Guide.5
Figure 1. Distribution of burn etiologies. The pie chart and corresponding table
describe the distribution of different burn etiologies and the number of different burn
cases from 2014 to 2015. Combined fire/flame and scald injuries contribute to more
than 75% of the total cases.4 Valid cases = total cases excluding unknown cases.
3First-Degree Burn: The causes of first-degree burn injury are mainly due to sunburns or
hot-object contacts. Injury is only localized at the layer of epidermis. First-degree burn
wounds are dry in appearance and are sometimes accompanied by skin rashes. The level
of pain is tolerable for the individual, and the wound typically heals within a week.
Second-Degree Burn (superficial partial thickness): The causes for second-degree burn
injury are mainly due to prolonged hot-object contacts, hot-liquid contacts, and
conflagration. Injury at this degree often affects both the epidermis and the papillary
dermis (upper layer of the dermis). Second-degree burn wounds with superficial partial
thickness are moist and are often accompanied by blisters. Local infections sometimes
occur, but the wound can heal within two weeks.
Second-Degree Burn (deep partial thickness): Injury at this degree affects deeper into the
reticular dermis (lower layer of the dermis), leaving blistering and blanching on the
wound surface. Often traditional wet wound therapy allows wound closure within a
month; however, skin graft may be required if the area of the burn wound is high.
Third-Degree Burn: Third degree is the most common type of severe burn injuries. The
entire dermis and epidermis are destroyed from the trauma, leaving yellow or black
blanching on the wound surface. Because all peripheral neurons are damaged from the
injury, patients are not able to sense pain. This makes treatment difficult as wound
4infections can occur unnoticed by the patients. Patients with third-degree burns are
treated with conventional moist wound wrappings and antibiotic dressings. If the wound
is deep and wide, advanced therapy such as negative pressure wound therapy is
prescribed to improve wound healing.
Fourth-Degree Burn: Fourth degree is the most severe form of burn injuries. The burn
penetrates deep into the adipose, muscle, or bone tissues. The surface of the wound is
charred, and all peripheral neurons are completely destroyed. Amputations of the burned
extremities are often required to avoid sepsis and tissue necrosis.
5Statistics of Burns and the Burden on Patients
It is estimated that each year in the United States at least 500,000 patients visit medical
centers through emergency departments for burn wound care.4 The etiologies of burns
vary across different age groups. According to the National Burn Repository, flame burns
and scalding injuries account for 80% of burns, which mainly occur in domestic
environments.4 Children under the age of 5 are at increased risk of scalding injuries,
because of limited mobility and limited understanding of safety measures appropriate
around flames and hot liquids.4
The physiological and psychological trauma and the financial burden resulting from burn
injuries are tremendous.4 Patients with burn injuries become immunocompromised
because of their wounds and systemic changes, which can elevate the risk for developing
various complications such as sepsis, respiration failures, shock, and death.6-8 Children
and adults recovering from serious burns are facilitated by prompt wound closure with
supportive intensive care and nutritional assistance.8-10 However, burn care is expensive.
Figure 2. Degree of burn injuries. The illustration shows the types of tissues and the
layers of skin affected by first-, second-, and third-degree burns. 5
6In 2014, for patients who were hospitalized for burn care, 96.7% of those who survived
had average hospital costs of $86,146 per patient.4 For the 3.3% of patients who were
severely injured and died despite treatment, the average cost per patient was $285,225.4
Negative Pressure Wound Therapy versus Conventional Moist Dressing
Negative pressure wound therapy (NPWT) is a noninvasive therapy that promotes wound
closing and controls infections.11 Since its first application in 1995, NPWT has been
shown to sufficiently improve wound closure by establishing a vacuum through a
sterilized occlusive dressing over the wound sites (Figure 3).12 The negative pressure is
usually maintained between -75 and -125 mmHg based on the condition of the wounds.13
The vacuum created by a vacuum pump helps to maintain a pressure gradient that
increases blood flow and immune cell recruitment.13 Antibiotics and saline are applied
together with the therapy to hydrate the wounds.13
Negative pressure wound therapy is an innovative approach in healing chronic ulcers.
Traditionally, chronic wounds are maintained by moist wound therapies which contain
hydrogels, silver ions, and alginates. Compared with this conventional counterpart,
negative pressure therapy demonstrates a higher rate of wound closure and a lower risk of
bacterial infection.23
7Traditionally, chronic wounds such as diabetic ulcers, venous ulcers, and burn wounds
are treated with moist dressing. These types of wound wraps often contain gauze, foams,
or hydrogels. 26, 27 In addition, silver ions or antibiotics are infused into the dressings to
prevent infections. 27 Although the conventional wound wraps can be purchased over the
counter and are relatively inexpensive, they present increased risks of anaerobic bacteria
growth as the dressing may not be able to cover deep wounds. 28 Moreover, the moist
wound wraps must be constantly changed over a lengthy period to allow physicians to
cleanse the dead tissue. 27, 28
8Therapeutic Values of Negative Pressure Wound Therapy in Open Abdominal
Wound Care
Figure 3. The V.A.C.UltaTM Negative Pressure Wound Therapy System. This
commercial device is produced by KCI (Kinetic Concepts, Inc., San Antonio, Texas,
USA). The pump provides a vacuum environment that increases the flow of blood to
the wound sites. The vacuum pump is connected to the wound site through occlusive
foam dressings. 36 V.A.C. = Vacuum-Assisted Closure.
9The current commercialized form of negative pressure wound therapy is vacuum-assisted
closure (VAC) therapy, which has been increasingly used in managing the open
abdominal cavity. 14, 15 Patients with open abdominal wounds present problems with
wound closure. The difficulties in wound closure are mostly related to high intra-
abdominal pressure generated by acute coronary syndrome and intra-abdominal bleeding.
When the contents inside the abdominal cavity increase in volume, the pressure inside the
cavity rises, causing skin dehiscence and hernia, which extend wound closing time.
Negative pressure therapy was first implemented in the field of abdominal surgeries in
the late 1990s. Since then, NPWT has shown useful applications in controlling sepsis and
tissue necrosis after laparotomy. 18, 19 Studies have indicated that patients recovering from
abdominal surgery demonstrated decreased risks of intestinal fistula and intestinal failure.
18 Comparative studies and meta-analysis also revealed that patients who were recovering
from primary abdominal wall reconstruction surgery exhibited decreased risk of skin
dehiscence, hernia, and other common post-surgical complications when treated with
incisional negative pressure wound therapy. 23 In addition, NPWT was used in managing
an open abdomen cavity between surgical procedures. Other research in this field
indicated that the negative pressure environment significantly decreased the risk for
wound infections and the chance of tissue necrosis. 23
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The success of negative pressure therapies in patients recovering from open-abdominal
surgery encouraged physicians to implement this advanced treatment procedure on
patients with chronic open wounds such as diabetic ulcer and burns. 29, 30
Therapeutic Values of Negative Pressure Wound Therapy in Extremities Wound
Care
Tissue ischemia and infections are the major concerns for patients presenting diabetic
ulcers. These wounds are usually located in the extremities. 32 The implementation of
NPWT to diabetic ulcers and chronic ulcers creates a negative pressure environment that
promotes blood flow and recruitment of immune cells to increase the prognosis of
chronic wound healing.
Patients with diabetic foot ulcer who underwent four months of active VAC showed a
significant increase in wound healing rate and a reduced need for lower-extremity
amputation. 33, 16 When compared with patients who underwent moist wound therapies,
patients who received negative pressure therapy exhibited a greater chance of complete
diabetic wound healing with much shorter healing episodes. 23 Furthermore, VAC was
able to decrease the volume and the depth of diabetic ulcers beyond that of traditional
11
moist gauze dressings and consequently lower the risk of bacterial and fungal infections
in these wound sites. 17
Recently, the efficacy of NPWT in controlling acute-phase infections and improving skin
regeneration was also proved among patients with blunt traumas and lower extremity
fractures.19 Overall, literature research indicates that negative pressure wound therapy has
been increasingly studied and discussed in the last five years and has demonstrated
tremendous therapeutic values in promoting various post-operative recoveries.
Problems and Concerns Related to NPWT
Although NPWT has proved to be an advantageous tool in closing various wounds, there
are still concerns about the negative side effects. There have been reports of high levels
of pain associated with NPWT. 31 When the baseline for negative pressure is too high,
usually above -125 mmHg, patients experience unnecessary pain. 20 Because of reports of
ischemia in patients after receiving NPWT, physicians have been cautious when applying
negative pressure in pediatric patients. 20 Their concerns are mainly due to the fact that
children are more sensitive than adults in sensing pain.21 Children are also more prone to
vascular compression when presented with an external source of pressure. This condition
causes insufficient blood flow and loss of sensation in local wound sites.22 Moreover,
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literature research does not reveal any significant studies on the efficacy of NPWT in
promoting burn wound repair post-operatively.
Aims of Study
Previous researchers have shown that when applying NPWT to patients with chronic
ulcers, the rate of tissue granulation greatly increased while the risk of tissue necrosis
declined. 14 The efficacies of negative pressure therapies are mostly observed in the
treatment of diabetic ulcer and the management of open abdominal wounds. 16, 23
However, limited NPWT research has been conducted among patients with burn wounds,
specifically pediatric patients.
Shriners Hospital for Children in Boston is responsible for treating complicated burned
pediatric patients around the world. Children who are admitted to the hospital can present
with deep and wide wounds because of burns or soft-tissue trauma. As traditional wet
dressing therapy is often ineffective at closing these difficult wounds, negative pressure
wound therapy was instituted in the operating room with general anesthesia control. This
therapy, now in place at Shriners Hospitals for Children for over a decade, has shown
promising healing outcomes in its population of children. Children who underwent the
negative pressure therapy had reduced length of stay in the hospital and lowered risk of
sepsis and other burn complications.
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The purpose of this study is to complete a retrospective review evaluating the therapeutic
effect of negative pressure wound therapy on pediatric patients with difficult burns. The
aims of this review are to test the hypotheses that:
1. The application of negative pressure wound therapy grants efficient and safe
recoveries to burned pediatric patients.
2. The faster healing process of negative pressure wound therapy helps these
children rejoin society and school after discharge from the hospital.
3. Understand the most important factor in determining the prescription of negative
pressure wound therapy to children.
14
METHODS
Data Collection
A retrospective review was performed to evaluate the therapeutic effect of NPWT on
children with difficult wounds due to burns or soft-tissue trauma. Patient charts from the
years between 2004 and 2014 at Shriners Hospital for Children in Boston were examined
and selected for use in the review. Data were collected on patient demographics, wound
size and depth, burn injury etiology, length of hospital stay, number of operating room
visits, and number of ventilation days, intensive care unit days, central venous catheter
days, and Foley catheter days.
NPWT was instituted in the operating room under general anesthesia using a
commercially available system. The vacuum pump used in this study was the KCI
V.A.C.UltaTM Negative Pressure Wound Therapy System (Figure 3). NPWT was not
initiated until all necrotic material had been removed from the wounds by surgical
excision. The V.A.C.® Simplace™ Dressing, a foam dressing, was applied to selected
deep wound sites and connected to the vacuum pump (Figures 4 and 5). The applied
negative pressure ranged from -50 to -125 mmHg continuous suction, with younger
children being empirically prescribed the lower negative pressures to potentially reduce
discomfort. NPWT dressings were changed every 5-7 days in the operating room. When
wounds were clean and had granulated, they were closed with split-thickness skin grafts.
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Figure 4. Application of negative pressure wound therapy on burn wounds
located at extremities. The occlusive dressing is wrapped over the wound area while
connected to the vacuum pump. The vacuum pump is connected to the lower wound
site, allowing gravity to facilitate fluid drainage (Shriners Hospital for Children in
Boston, patients’ photo archive).
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Figure 5. Application of negative pressure wound therapy on burn wounds
located at the head and neck region. The occlusive dressing is wrapped over the
wound area while connected to the vacuum pump. The vacuum pump is connected to
the lower wound site, allowing gravity to facilitate fluid drainage. Patients also
receive respiratory ventilation and anesthetics during the procedure to provide
(Shriners Hospital for Children in Boston, patients’ photo archive) sedation.
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Study Limitations
There were several limitations during the recruitment process. The children who were
recruited in this study were already presenting slow wound recoveries and various
complications when admitted to the hospital. In order to avoid further deterioration of the
wound, negative pressure wound therapy was prescribed to these patients rather than the
conventional moist wound dressing. Consequently, there was no control group in the
study because all recruited patients received negative pressure wound therapy.
The number of patients in this study was also limited. The complicated character of the
wound and the size of the wound were relatively rare among pediatric patients. Patients
who were recruited in this study had either large total burn size or complicated third-
degree burn wounds.
Statistical Analyses
Patient data were collected throughout the treatments to evaluate the effectiveness of the
negative pressure therapy. One-way analysis of variance (ANOVA), Welch’s two-sample
t-test, and linear regression were used to analyze the data. The software programs R
version 3.2.2 (R Core Team, Vienna, Austria) and Microsoft Excel 2010 (Microsoft
18
Corporation, Redmond, Washington, USA) were used for data collection and statistical
analysis.
19
RESULTS
Patients’ General Demographics
A total of 29 children, 12 females and 17 males, with an average age of 9.43 years (range
2 months to 18 years), were treated with negative pressure wound therapy (Figure 6). The
average total burn size was 27.62 +/- 9.83% (range 1%-95%) of the body surface, and the
average third-degree burn size was 20.27 +/- 7.58% (range 1%-72%) of the body surface
(Table1). Perceived benefits of the treatment included a reduced number of dressing
changes and more rapid wound granulation. There were no episodes of bleeding
associated with NPWT.
Table 1 show patient demographics, injury levels, and the types of treatments received by
the pediatric patients. The use of NPWT increased during the time interval of the study,
and this was presumably due to the staff becoming more comfortable with the safety and
efficacy of the therapy in children. The most common age range was 10-15 years, and the
most common mechanism was electrical or mechanical soft tissue injury. All patients
granulated their wounds, were successfully grafted, and survived (Figure 8A).
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According to Figure 6A, male patients were more prone to burn injury. Figure 6B
demonstrated that teenage children (10-15) are the population that is most at risk for burn
injuries. These results matched our expectations as male children around this age were
Figure 6. Sex and age of
pediatric patients. Figure 6A
describes the distribution of sex
of patients recruited in this
study (12 female patients and 17
male patients). Figure 6B
describes the distribution of age
of patients recruited in this
study.
A
B
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highly active at exploring the surroundings and might not be able to protect themselves
from the danger of burn.
Figure 7 A&B.  Number of
patients in each burn injury
etiologies and number of
patients with inhalation burn
injury. Figure 7A described the
number of recruited patients in
each burn injury etiology.
Figure 7B described the number
of pediatric patients with
inhalation burn injury (5 yes
and 24 no).
A
B
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According to Figure7A and Figure 7B, the acronym representation for burn etiologies
are: conflagrate: flame conflagration; contact: hot object contact; electrical: electrical
burns; Ignition: Ignition of clothing; Liquids: hot liquids contact; Non-Burn: Other
abrasion injuries).
Based on the information presented in Figure7A, the distribution of burn cases in each
etiologies were not evenly distributed. Electrical burns and cloth ignition accounted for
the most frequent burn etigologies. Therefore, it could possible that the types of burn
injuries might play important role in determining the frequency negative pressure wound
therapy treatments.
According to Figure 7B, about 83% of the patient did not have inhalation injury.
Inhalation injury represents a rare form of burn injury, which often happen during injury
to the head to neck region. With less than 20% of patients presenting the symptom of
inhalation injury, the possiblity of it being the determing priscription factor is unlikely.
23
Figure 8 A&B. Pediatric
patients discharge locations
and number of patients
admitted from 2004 to 2014.
Figure 8A histogram described
where patients were discharged
to after hospitalization. Figure
8B described the number of
patients admitted between 2004
and 2014.
A
B
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Based on information presented in Figure8A and Figure8BMore than 90% of patients
were able to fully recover without the need for additional home-health. The rest of the
10% patients either need home-health care or after care at a primary care facility. As the
therapy began to show positive prognosis, more and more patients started to receive
NPWT to treat complicated wounds. Based on Figure 8B, the number of patients
receiving negative pressure wound therapy steadily increased since 2006 and reached
plateau in 2010. These results are encouraging as more and more patients will benefit
from this advanced procedure at Shriners Hospital for Children in Boston in the future.
Figure 9. Burn Size. Figure 9
box plot demonstrates the
percent of third degree burns
(dark line in the middle of the
box: median 20%) and the
percent of total burn areas
(median 28%).
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It is possible that either total burn size area or the third degree burn size plays the
decisive role in determing the frequency of negative pressure wound therapy. Based on
the information presented in Figure 9, the area of total burn size and thrid degree burn
size is relatively high among our patients. The mean for third degree burn size and total
degree burn size are 20.27 and 27.62 respectively (Table1).
In addition, the ranges for the burn size areaes are broad. The interquatile ranges for third
degree burn size and total degree burn size are 18 and 27.88 (Table1) respectively. This
could mean that the pattern of negative pressure therapy prescription could match to the
pattern of burn size area distribution.
26
Table 1. Summary of Negative Pressure Therapy
Cases Mean +/- SEM Median Interquartile
Range
Age 29 9.43 +/- 2.03 10.25 7.29
% Total Burn
size
26 27.62 +/- 9.83 28 27.88
% 3rd degree Size 25 20.27 +/- 7.58 20 18
Length of Stay 29 45.93 +/- 12.19 44 44
OR Visits for
NPWT
29 7.52 +/- 1.56 8 6
Ventilation Days 27 4.56 +/- 4.48 0 0.5
ICU Days 27 14.37 +/- 6.34 8 23
Central Venous
Catheter  Days
26 17.96 +/- 8.26 8 29.5
Foley Catheter
Days
26 8.77 +/- 5.50 2 9.75
Table 1. Summary of Negative Pressure Therapy. Table 1 shows the general
information on burn wound sizes, number of operating room visits, and other
treatments received by the patients.
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Based on the boxplots from Figure 10A and Figure 10B, we were able to see that burn
sizes and injury etiologies are independent because boxplots overlap with one another
across each category.
Figure 10 A&B. Average
Third degree burn size and
total burn size in different
burn etiologies. Figure 10A
described the mean third degree
burn size in each injury
category while Figure 10B
described mean total burn size
in each injury category.
B
A
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Figure 11A and Figure 11B discribed the number of days patients spent in the intesnive
care unit and number of days patients stayed in the hospital (length of stay). With the
Figure 11 A&B. Average
intensive care unit days and
average length of stays in
hospitals in different burn
etiologies. Figure 11A
described mean number of
intensive care unit days
received by patients in each
injury category. Figure 11B
measured the mean length of
hospital stays per patients in
each injury category.
B
A
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help from negative pressure wound therapy, site infections and tissure necrosis rates were
signifanctly reduced, expediating the rate of wound recovery. Therefore, fewer days were
required for intensive care. The improved prognosis allowed patients to spend fewer days
in the hospital. This advancement allowed the pediatric patients to rejoin the society
quicker, reducing their anxiety during hospitalization.
Figure 12 A&B. Average days
patients on central venous
catheter and Foley Catheter
in different burn etiologies.
Figure 12A described mean
number of days patients
received central venous catheter
in each injury category. Figure
12B mean number of days
patients received Foley catheter
in each injury category.
A
30
Figure 12A and Figure 12B described the frequency of central venous catheter and Foley
catheter received by patients during their stay. Central venous catheter was placed for
patients to allow flexible delivery of medicine, nutrients, and saline, which can avoid
frequent syringe injections as many children were needle-phobic. In addition, Foley
catheter are inserted into the urethra of the patients to allow sanitized urine outflow to
prevent infections wound areas.
B
31
Based on information presented in Figure13, many of the boxplots representing each burn
etiologies did not overlap with each other. This could indicate that different sources of
burn would play the determining role in negative pressure wound therapy prescription.
To further test this hypothesis, T-test and ANOVA were performed.
Figure 13. Average Number of Negative Pressure Wound Therapy Received by
Patients in Each Etiologies. Because negative pressure wound therapy is conducted
in the operation room, the number of operation room visits indicate the dosage of
NPWT prescribed to patients.
32
Burn Injury Etiology as the determination factor in prescribing negative pressure
wound therapy
Table 2. Negative Pressure Therapy and Other Treatments Based on Injury
Etiologies
Injury
Etiologies
Conflagrate Electrical Hot
Liquids
Hot
Objects
Materials
Ignition
Non-
Burn
Patients
Enrolled
3 7 2 4 6 7
Mean %
Total Burn
size
41.33 29.64 30.25 2.44 35.17 26.38
Mean % 3rd
degree Size
34.67 23.00 29.25 2.44 27.5 2.83
Mean
Length of
Stay
64.00 56.57 46.00 5.50 67.17 32.43
Mean OR
Visits for
NPWT
8.67 9.86 5.00 2.00 10.00 6.43
Mean
Ventilation
Days
0 .00 8.83 0 .00 0 .00 13.60 0.29
Mean ICU
Days
9.33 27.00 9.00 0 .00 25.00 7.86
Mean
Central
Venous
Catheter
Days
27.00 27.17 9.00 0 .00 25.00 13.33
Mean Foley
Catheter
Days
3.00 18.00 0 .00 0 .00 18.60 3.00
Table 2. Negative Pressure Therapy and Other Treatments Based on Injury
Etiologies. Table 2 shows the statistics of injury levels and amounts of treatments
received based on different etiologies.
33
As shown in Table 2, burns etiologies included flame (3 children), electrical (7 children),
hot liquids (2 children), contact (4 children), electrical with secondary clothing ignition (6
children), and other non-burn mechanical soft-tissue injuries such as abrasions and
degloving trauma (7 children).
Because of the limitations at the recruitment phase, a control group was not established in
which patients received conventional moist dressings. Nevertheless, we were able to
compare within groups to test which variable, the etiologies of burns or the size of burns,
would be the most determining factor in prescribing the dosage of negative pressure
wound therapy.
To understand if the amounts of negative pressure therapies received were different
across each burn injury mechanism groups, Welch’s 2-sample t-test was performed by
comparing the amounts of negative pressure therapy received across all subgroups. A
significant in-group variance was noticed within the percentage of total burn size and
percentage of third-degree burn size. Therefore, one-way analysis of variance (ANOVA)
was conducted across all subgroups’ total burn size and third-degree burn size to certify
that the statistical differences were significant.
The two-sample t-tests measuring the amount of negative pressure wound therapy
received revealed significant statistical differences between the group of hot objects
34
contact burns, flame conflagration, electrical burns, and material ignition burns (p <
0.01).
On the other hand, the amounts of therapies received by other subgroups, hot liquid burns
and non-other burns, were not significantly different with each other (p > 0.05).
Moreover, one way analysis of variance (ANOVA) showed high levels of within-group
errors when comparing the percentages of total burn size and the percentages of third
degree burn size across all subgroups. These indicated burn sizes could play a more
important indicator than burn injury etiologies in prescribing NPWT.
Burn size area as the determination factor in prescribing negative pressure wound
therapy
Previous test indicated that wound etiologies may not be the decisive factors in
prescribing negative pressure therapy. Therefore, we decided to examine the possibility
of burn size as the determining factor in NPWT administration.
Linear regression analysis was performed to better understand whether total burn size or
third-degree burn size correlates with the amounts of negative pressure therapy received.
35
y = 2.8358x + 6.1381R² = 0.2479
010
2030
4050
6070
8090
100
0 5 10 15 20
Percent
age
Number of OR Visits (# of NPWT Received)
Percentage of Total Burn VS. # of NPWT
Percentage of Total Burn
y = 2.7024x - 0.16R² = 0.4113
010
2030
4050
6070
80
0 5 10 15 20
Percent
age
Number of OR Visits (# of NPWT Received)
Percentage of 3rd Degree Burn VS. # of NPWT
Percentage of 3rd Degree Burn
Figure 14 A &B Linear correlation between total burn size area to
number of NPWT and third-degree burn size to number of NPWT.
Based on figure 14A and figure 14B, a stronger linear correlation relation
was observed between the third degree burn size and the number of
negative pressure wound therapy received.
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Linear regression tests from figure 14A and 14B demonstrated positive correlation
between the numbers of NPWT received and total burn size areas as well as third-degree
burn size areas. However, a stronger correlation was observed between the amounts
NPWT and third degree burn size (r^2=0.41) than total burn size (r^2=0.25). These
findings indicate that usage of negative pressure therapy might be more related to level of
burn injuries severity rather than the burn wound sizes in general.
To further understand the relationship between third-degree burn size and the prescription
pattern of NPWT, patients were separated into two groups: third-degree burn size below
20% and third-degree burn size of 20% and above. Welch’s two-sample t-test was
performed on the two groups, and the results are shown in Table 3. Significant statistical
differences were observed between the two groups except for the number of Foley
catheter days. This latter result was expected since 90% of all the pediatric patients
received Foley catheter treatments to prevent urinary tract infections.
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Table 3. Negative Pressure Therapy and Other Treatments Based on Third-
Degree Burn Size
3rd Degree Burn Size
Below 20%
3rd Degree Burn Size
20% and Above
P value
Number of
Patients
11 13
Welch Two Sample t-test
Mean % Total
Burn size
7.39 38.71 P<0.01
Mean % 3rd
degree Size
5.34 32 P<0.01
Mean Length of
Stay
23.36 64.57 P<0.01
Mean OR Visits
for NPWT
5.00 9.57 P<0.01
Mean
Ventilation
Days
0 10.08 P<0.01
Mean ICU Days 5.55 23.17 P<0.01
Mean Central
Venous
Catheter  Days
5.55 27.67 P<0.01
Mean Foley
Catheter Days
3.18 14.58 P=0.05
Further t-tests from table 4 demonstrated that third-degree burn size is more indicative
than total burn size in determining the amounts of NPWT. Patients who received 10 or
Table 3. Negative Pressure Therapy and Other Treatments Based on Third-
Degree Burn Size. As seen in Table 3, the number of negative pressure therapy
received by two groups with different third-degree burn size is significantly different
from each other.
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higher applications of NPWT presented with significantly higher third-degree burn size
than patients who received 5 NPWTs or lower. Patients who received between 5 and 10
NPWTs also presented with significantly higher third-degree burn size than those who
had 5 or less NPWTs. These findings indicated that more frequent negative pressure
therapies are needed for pediatric patients with higher areas of third-degree burn wounds.
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Table 4. Average Percentage of Third-Degree Burn Size and Number of NPWT
Received
Group 1
OR Visits
5 and
Below
Group 2
5< OR
Visits <10
Group 3
OR Visits 10 and Above
P value
Number
of
Patients
8 12 9
Welch Two Sample t-test
Mean %
Total
Burn size
8.82 30.9 38.61 (1 to 2)
p=0.03
(2 to 3)
p=0.5
(1 to 3)
p<0.01
Mean %
3rd
degree
Size
5.68 18.89 33 (1 to 2)
p=0.01
(2 to 3)
p=0.11
(1 to 3)
p<0.01
Table 4. Average Percentage of Third-Degree Burn Size and Number of NPWT
Received. As seen in Table 4, the mean third-degree burn size showed stronger
influence in determining the dosage of negative pressure therapy.
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DISCUSSION
Role of Negative Pressure Wound Therapy in Post-Discharge Recovery
With today’s medical advancements, the length of hospital stays and the mortality rates
for burn injuries have gradually decreased over the past decades. 5 Nevertheless,
challenges still remain in helping patients to rejoin society as well as improve their
quality of life after discharge. The disfiguration from burns can cause depression,
inferiority feelings, and other emotional traumas. 9 This situation is especially critical in
pediatric burn patients who are in a crucial period of psychological and cognitive
development. 10 The long-term hospitalization creates an isolation environment for the
burned pediatric patients, and these children require the help from social workers and
healthcare workers to reestablish hope and global self-worth. 10 Therefore, an efficient
treatment procedure for wound healing will undoubtedly facilitate the recovery and the
improvement in the quality of life for burned children.
This study demonstrated that negative pressure wound therapy can be safely conducted
on burned pediatric patients under careful anesthesia administration. All 29 pediatric
patients who underwent NPWT survived the treatments. Over 90 percent of the children
were able to reach complete wound healing and were discharged to home without the
need for additional home healthcare. The expedited healing process of NPWT can help
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these children rejoin society quickly and relieve the burden of physical and emotional
traumas.
Advantage of Negative Pressure Wound Therapy in First Aid
The ideology of negative pressure therapy is to increase blood flow to the wound site to
support wound healing and prevent infections. The sooner this therapy is applied to the
patient, the better the outcome of the treatment.33 Negative pressure therapy is an
efficient and convenient treatment method. The model used in this study is portable and
reusable, which proved to be a convenient healing tool for emergent burn wounds.
Because Shriners Hospital for Children accepts pediatric burn patients from all countries
in North and Central America, patients would be able to have continuous wound care if
NPWT is deployed to medical transporters in the future. 34
Related Studies Conducted on Pediatric Patients
A literature review revealed limited NPWT studies conducted in the pediatric population
because of major concerns for pain and stress in the children. However, in one particular
study carried out in Austria, negative pressure wound therapy was performed on patients
recovering from skin grafts. 35 Pediatric patients in this study had a mean total burn size
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of less than 4% and a third-degree burn size close to 0%. All therapies were conducted
either at the bedside or on a portable device which could be carried when the children
were moving. This study was valuable in that it suggests that operation room
environments may not be necessary for children with smaller sizes of burn wounds.
Limitations of Study
This retrospective review study revealed promising results about the values of negative
pressure therapy in burned pediatric patients. However, there are several limitations to
these findings as a result of recruitment issues and concerns for negative side effects.
The pediatric patients who received the negative pressure therapy all presented with deep
burn wounds and severe injury complications. After triage, physicians from Shriners
Hospital for Children decided that all these patients must receive the progressive NPWT
treatment to prevent further injuries. Therefore, children who presented with similar
wound characteristics were not available for recruitment into a control group prescribing
conventional moist dressing therapy. Children with low burn volumes and less severe
degree of burns did not necessarily need negative pressure therapy and were able to fully
recover from conventional wound care protocols.
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Moreover, caution was used in prescribing NPWT to pediatric patients because of the
negative side effects associated with it, including pain, vascular compression, and
ischemia19. Since children are more sensitive than adults in feeling and expressing pain,
the procedure was hard to conduct without the aid of an anesthetic19. As Shriners
Hospital for Children at Boston is the first medical facility to experiment with the
efficacy of NPWT on burned pediatric patients, previous knowledge is lacking about the
appropriate amounts of narcotics to be applied to these pediatric patients. Therefore, more
clinical trials are needed before a general protocol can be formulated for prescribing
negative pressure wound therapy and the amounts of anesthetics for burned pediatric
patients.
Conclusions
To conclude, this study demonstrated that negative pressure wound therapy is an
effective procedure in healing burned pediatric patients. The frequency of using negative
pressure wound therapy appears to be independent of burn wound etiology but more
related to the area of the burn wound. The dosage of this treatment is more correlated
with third-degree wound size than with total burn wound size, which could indicate that
NPWT is more effective in healing third-degree or higher burn wounds.
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